Laboratory tests were carried out with three types of new epoxy resins to assess the release of bisphenol A and F (BPA and BPF) and potential halogenated phenolic by-products. Tests were carried out over a duration of 6 months in the presence and absence of disinfectants (chlorine and chlorine dioxide) at realistic doses and contact times. None of the three systems exhibited Fickian-type diffusion for BPA. Leaching was quite low for two epoxies while the third showed a trend of increasing leaching during the first 5 months of immersion. BPA was only observed in the absence of disinfectant while no BPF was observed under any condition. 2,4,6-trichlorophenol (TCP), a BPA chlorination by-product was sporadically observed in the chlorinated water during the first months of contact. Following discontinuation of the disinfectants, its release was significantly enhanced in the water having been exposed to chlorinated water. Laboratory leaching tests also indicated rapid oxidation of epoxies by chlorine and chlorine dioxide. Analysis of 27 epoxy-coated drinking water storage tanks did not reveal any BPA, BPF or TCP. On the other hand, a large-scale examination of about 200 pipe sections rehabilitated with epoxies during the 1990s led to a high frequency of BPA and BPF detection, sometimes with maximum values around 1 μg/L.
INTRODUCTION
Epoxy resins were one of the most popular coating materials used for drinking water storage tanks in the 1980s in many countries such as the USA (AWWA ) and France (Bruchet et al. ) . In terms of piping rehabilitation, although the current trend consists in laying polyurethane coatings, epoxies were frequently used in the 1990s to reline corroded pipes. In particular, the Geopox GX 014 process which was initially developed in the UK, became approved in France in the mid-1990s and was used by our French subsidiary to reline dozens of kilometres of corroded pipes. As a matter of fact, epoxy relining had completely replaced mortar-cement relining and become the relining method of choice in the UK at the end of the 1990s (Hoffman & Warren ) .
Consumer complaints were recorded in 2008 in France,
in an area with pipes relined with epoxies starting from 1995. The episode was characterised by a musty odour and a pink water colour. Gas chromatography-mass spectrometry (GC/MS) analysis revealed the presence of bisphenol A and chlorinated bisphenols, simpler phenols and halogenated phenols. Among these, 2,4,6-trichlorophenol led to its biotransformation into 2,4,6-trichloroanisole, a musty odorant with an extraordinarily low odour threshold, around 30 pg/l (Van Gemert ). The pipes were located in a mixing zone having water disinfected with chlorine and water disinfected with chlorine dioxide. Because bisphenol A is a known endocrine disruptor and one of the currently most controversial chemicals that has recently been banned in the EU for use in baby drinking bottles, this episode prompted us to reexamine partially disinfected with chlorine dioxide suggested accelerated ageing caused by the latter disinfectant which is already known to accelerate degradation of polyethylene pipes (Colin et al. ) .
Epoxies are made of a polymer formed on site by reaction of a hardening agent and a prepolymer. The latter results itself from the reaction of bisphenol A on epichlorohydrin forming bisphenol glycidyl ethers, the smallest of which (bisphenol A diglycidyl ether or BADGE) has a molecular weight of 340. Heavier oligomers are also formed. No phenolic compound was detected in the presence of chlorine dioxide. Also, no BPA was detected in the disinfected waters indicating its rapid destruction by chlorine and chlorine dioxide.
Leaching of 2,4,6-trichlorophenol after stopping the disinfection After 4 months of immersion, the application of the disinfectants was discontinued to check whether this could change the leaching of bisphenol A. Discontinuation of disinfection using chlorine dioxide led to an increase in bisphenol A content in the contact water from the E3 and E2 systems (see Figure 3) . Comparison of Figures 1 and 3 shows that the release level of E2 in non-disinfected water is again at the same level 16 days later, i.e. 90 ng/l. Discontinuation of the disinfectant is accompanied by a cease in bisphenol A oxidation. The system's slowness to find the 
Indication of epoxy aging
A yellowing of the test panels in contact with chlorine dioxide and to a lesser extent chlorine, was observed after less than 2 months of contact ( Figure 5 ). This suggested accelerated attack of the epoxy in the presence of oxidants. Infrared spectra were acquired of the test panels surfaces after a few days of contact and were compared with spectra obtained at the end of the leaching tests. These spectra confirmed that the structure of the three epoxies was based on BADGE. No spectral modification was seen for chemical functions linked to BADGE. However two additional absorption bands were seen following contact between chlorine and chlorine Table 1 .
The above data distinctly show that the epoxy coatings clearly undergo, all in all, fairly quick oxidation by chlorine and chlorine dioxide given the realistic contact conditions.
Field investigation of epoxy-coated tanks and pipes
In total, 27 real tanks coated with epoxies and ranging in capacities from 60 to 1,500 m 3 were sampled in the west By contrast with laboratory leaching tests of recent epoxies, bisphenol F was always present and often more concentrated than bisphenol A in these field samples. It is not known whether this difference reflects a difference in composition between old and new epoxies, or an effect of aging. It is not understood either why the ratio between bisphenol A and bisphenol F is varying so widely (see Table 2 ). This could result from a complex combination between their leaching, and their respective reactions with chlorine and chlorine dioxide. It was not possible to establish a statistical link between the pipe characteristics (rehabilitation date and diameter) or the water (flow rate, chlorine residual, temperature, pH) and the bisphenol contents observed. As part of these pipes also showed musty odours caused by 2,4,6-trichloroanisole, and in some extreme cases, a pink colour, it appears that a renewal programme will have to be undertaken.
The difference between rehabilitated tanks and pipes can be explained by several factors including: (1) the higher S/V ratio for pipes; (2) the residence time in a pipe located in a branch can be higher than in a reservoir; and (3) the polymerisation conditions are likely to be much more unfavourable during pipe rehabilitation compared to tank rehabilitation. One technique consists in a compressed air turbine which sprays the coating on the wall, which is then smoothed by a rotating brush system. Paint drying time is relatively short, around 8 hours and air can be incorporated during spraying creating bubbles. With this type of procedure, the mix of both compounds (polymer and hardener) is carried out in situ and it is believed that this mix may not be perfect, leading to poor polymerisation. Furthermore, insofar as the pipe remains buried, pockets of humidity can remain on the walls, constituting a major obstacle to the setting of the epoxy resin.
CONCLUSIONS
Leaching tests carried out with three types of currently approved epoxy coatings applied under well controlled 
